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The pollution load from the building has been investigated in practice in four studies in 
Europe covering schools, kindergartens and offices. The studies cover more than 80 buildings 
in 9 countries. 

In three of these studies (Fanger et al., 1988; Thorstensen et ah, 1990; Pejtersen et al., 1991), 
buildings were visited while unoccupied during a weekend with the mechanical ventilation 
system in normal operation. A panel of 54 persons judged the acceptability of the room air 
just after entering the offices (Fanger et al., 1988) following the procedure specified by 
Appendix C of ASHRAE 62 (1989), whereas a panel of 13-15 trained judges rated perceived 
air quality just after entering classrooms in schools (Thorstensen et al., 1990) and spaces in 
kindergartens (Pejtersen et al., 1991) according to procedure specified by Bluyssen et al. 
(1989). At the same time the outdoor ventilation rates in the spaces were measured by tracer 
gas methodology. Based on these measurements, the sensory pollution load from the building 

(including HVAC system) was calculated as the equivalent number of standard persons (olfs) 
which would cause the same % acceptance of the indoor air as the pollution caused by the 
actual unoccupied building. When pollution loads were calculated, trained panel judgements 
were converted to untrained panel ratings by the transfer function established by Wargocki 
and Fanger (1999). The determined pollution loads from the building are fisted in Table 1. 

The fourth study (Bluyssen et al., 1996) took place in 56 office buildings. Each building was 
visited once by a trained panel of 12-15 persons when the building was occupied and at the 
same time the outdoor supply rate was measured by tracer gas methodology. Trained panel 
judgements were converted to untrained panel ratings by the transfer function established by 
Wargocki and Fanger (1999). The total pollution load was calculated as above and the 
contribution from the building was found by subtracting the person-related contribution based 
on CO 2 measurements (Table 1). 


Table 1. Sensory pollution loads (oIf7m 2 floor) in different types of European buildings 


Building type 

n 

25-percentile 

median 

mean+sd 

schools 1 

6 

0.03 

0.06 

0.06±0.04 

kindergartens 2 

15 

0.07 

0.10 

0.13±0.09 

offices 3 

18 

0.12 

0.32 

0.40+0.35 

offices 4 

49 

0.07 

0.18 

0.28±0.34 


1 Thorstensen et al. (1990); 2 Pejtersen et al. (1991); 3 Fanger et al. (1988); 4 Bluyssen et al. 
(1996) 


Table 1 shows considerable variation among the buildings. The mean values for offices are 
quite high - elevated by spaces where smoking was allowed. Note, that the 25% lowest 
polluting buildings had a pollution load less than approx. 0.1 olf/nrfloor and the median value 
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(50%) was around 0.2 olf/m^floor for all buildings categories. This is the reason why CEN 
selected the value of 0.1 olf/m 2 floor as the realistic target value for “low-polluting buildings” 
in CR 1752 “Ventilation for buildings. Design criteria for the indoor environment” (1998). 
Requirements for low-polluting buildings in terms of maximum emissions from materials, etc. 
are listed in Annex to CR 1752. Buildings which do not meet these criteria are in CR 1752 
categorized as “non-Iow-polluting buildings” with a sensory pollution load of 0.2 olf/m 2 floor 
(Table 2) which is close to the median of existing buildings. 


Table 2. Sensory pollution loads from the building specified by CEN CR 1752 (1998). Listed 
is also the corresponding ventilation required to handle the building load and obtain 80% 
acceptability of the indoor air quality 


Building type 

sensor}' pollution load 

required building- 


(olf/m 2 floor) 

related ventilation 



(L/(s*m 2 floor) 

low-polluting building 

0.1 

0.7 

non-low-polluting building 

0.2 

1.4 


In addition to the load from the building, the European CR 1752 prescribes a load from the 
persons present in the buildings which translates into a person related ventilation rate to be 
added to the building related rate. 

In CR 1752 there is a strong encouragement to design for low-polluting buildings and in 
many buildings in Northern Europe it is today common practice to systematically screen 
building materials to make sure that selected materials will qualify for a low-polluting 
building. A data base of more than 400 common building materials exists (Clausen et al., 
1996). The background for this effort are also the results of a large number of fteLd studies in 
Europe and North America (Sundell et al., 1994; Jaakkola and Miettinen, 1995; Bluyssen et 
al., 1996; Groes et al., 1996; Sieber et ah, 1996; Pejtersen et ah, 1999; Apte et al., 2000) 
showing high rates of dissatisfaction and complaints of SBS symptoms in many buildings 
although existing ventilation standards (including ASHRAE 62.1) were met. The consensus is 
that pollution sources from the building and the HVAC system are a major reason for these 
symptoms. It is fundamental for the image of HVAC engineers that the building (including 
HVAC system) is acknowledged as a potential pollution source and every effort is made to 
control and minimize this source. 

Recent studies in two countries documented a significant positive effect on office productivity 
and SBS symptoms of decreasing building related pollution sources (Wargocki et al., 1999 ; 
Lagercrantz et al., 2000; Wargocki et ah, 2000). 

Conclusions 

• It is essential to acknowledge the building as a source of pollution in line with the 
occupants. 

• A reduction of the building-related source should be encouraged. 


2 


PM3006450121 


Source: https://www.industrydocuments.ucsf.edu/docs/xfjj0001 



References 


Apte, M.G., Fisk, W.J. and Daisey, J.M. (2000) “Associations between indoor C02 
concentrations and Sick Building Syndrome Symptoms in US office buildings: An analysis of 
the 1994-1996 BASE study data”, Indoor Air, 10 (in press). 

ASHRAE Standard 62-1989 (1989) Ventilation for acceptable indoor air quality, American 
Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., Atlanta, USA. 

Bluyssen, P.M., Kondo, H., Pejtersen, J., Gimnarsen, L., Clausen, G. and Fanger, P.O. (1989) 
“A trained panel to evaluate perceived air quality”, In: Proceedings of CLIMA 2000, Sarajevo, 
Yugoslavia, Yugoslav Committee of Heating, Refrigerating and Air Conditioning. Vol. 3, 25- 
30. 

Bluyssen, P.M., de Oliveira Fernandes, E., Groes, L., Clausen, G., Fanger, P.O., Valbjorn, O., 
Bernhard, C.A. and Roulet, C.A. (1996) “European indoor air quality audit project in 56 
office buildings”. Indoor Air, 6, 221-238. 

CEN CR 1752 (1998) Ventilation for buildings: Design criteria for the indoor environment, 
Brussels, European Committee for Standardization. 

Clausen, G., de Oliveira Fernandes, E. and Fanger. P.O. (1996) “European data base on 
indoor air pollution sources in buildings”. In: Proceedings of Indoor Air '96, The 7th 
International Conference on Indoor Air Quality and Climate , Nagoya, Japan, Institute of 
Public Health, Vol. 2, 639-644. 

Fanger, P.O., Lauridsen, J., Bluyssen, P. and Clausen, G. (1988) “Air pollution sources in 
offices and assembly halls quantified by the olf unit”, Energy and Buildings., 12, 7-19. 

Groes, L., Pejtersen. J. and Valbjam, O. (1996) “Perceptions and symptoms as a function of 
indoor environmental factors, personal factors and building characteristics in office 
buildings”. In: Yoshizawa, S., Kimura, K., Ikeda, K. ( Tanabe, S. and Iwata, T. (eds) 
Proceedings of Indoor Air '96, Nagoya, The 7th International Conference on Indoor Air 
Quality and Climate, Vol. 4, pp. 237-242. 

Jaakkola JJ, Miettinen P. (1995) “Ventilation rate in office buildings and sick building 
syndrome”, Occup Environ Med, 52, 709-714 

Lagercrantz, L., Wistrand, M., Willen, U., Wargocki, P., Witterseh, T. and Sundell, J. (2000) 
“Negative impact of air pollution on productivity repeated in new Swedish test room”, In: 
Seppannen, O. and Sateri, J. (eds.) Proceedings of Healthy Buildings 2000, Espoo, Finland, 
Vol. 1,653-658. 

Pejtersen, J., Clausen, G., Sorensen, J., Quistgaard, D., Iwashita, G., Zhang, Y., Onishi, T. and 
Fanger, P.O. (1991) “Air pollution sources in kindergartens”. In: Proceedings of Healthy 
Buildings - IAQ 91, Washington D.C., ASHRAE, 221-224. 

Pejtersen, J., Schwab, R. and Mayer, E. (1999) “Sensory evaluation of the air in 14 office 
buildings - part of an interdisciplinary SBS study in Germany”. In: Raw, G., Aizlewood, C. 
and Warren, P. (eds) Proceedings of Indoor Air '99, Edinburgh, The 8 th International 


3 


PM3006450122 


Source: https://www.industrydocuments.ucsf.edu/docs/xfjj0001 



Conference on Indoor Air Quality and Climate, Vol. 5, pp. 390-395. 

Sieber, WK; Stayner, LT; Malkin, R; Petersen, MR; Mendell, MJ; Wallingford, KM; 
Crandall, MS; Wilcox, TG; Reed, L. (1996) “The National Institute for Occupational Safety 
and Health indoor environmental evaluation experience. Part three: Associations between 
environmental factors and self-reported health conditions", Applied Occupational and 
Environmental Hygiene, 11, 1387-1392. 

Sundell, J; Lindvall, T; Stenberg, B. (1994) “Associations between type of ventilation and air 
flow rates in office buildings and the risk of SBS-symptoms among occupants", Environment 
International, 20, 239-251 

Thorstensen, E., Hansen, C., Pcjtersen, J., Clausen G. and Fanger, P.O. (1990) “Air pollution 
sources and indoor air quality in schools”, In: Proceedings of Indoor Air '90, The 5th 
International Conference on Indoor Air Quality and Climate, Ottawa, Canada Mortgage and 
Housing Corporation, Vol. 1, 531-536. 

Wargocki, P. and Fanger, P.O. (1999) “A transfer model between perceived air quality judged 
by a trained panel and by an untrained panel”, In: Proceedings of Indoor Air '99, The 8th 
International Conference on Indoor Air Quality and Climate , Edinburgh, Scotland, British 
Research Establishment, Vol. 2, pp. 594-599. 

Wargocki, P., Wyon, D.P., Baik, Y.K., Clausen, G. and Fanger, P.O. (1999) “Perceived air 
quality. Sick Building Syndrome (SBS) symptoms and productivity in an office with two 
different pollution loads”. Indoor Air, 9, 165-179. 

Wargocki, P., Wyon and Fanger, P.O. (2000) “Pollution source control and ventilation 
improve health, comfort an productivity In: Proceedings of Cold Climate HVAC 2000, 
Sapporo, Japan (in press). 


4 


PM3006450123 


Source: https://www.industrydocuments.ucsf.edu/docs/xfjj0001 



